INTRODUCTION
In dairy cattle there is strong evidence that poor udder conformation is associated 30 with raised somatic cell count and an increased incidence of clinical mastitis 31 (reviewed by Seykora and McDaniel 1985) . In dairy sheep, linear appraisal of udder 32 traits has been developed (Casu et al., 2006; de la Fuente et al., 1996; Marie-33 Etancelin et al., 2005) . Casu et al. (2010) studied a flock of 900 pedigree ewes with 34 historical data and known family relationships and detected a genetic correlation 35 between udder conformation and mastitis and SCC with a heritability of 0.4. 36
Currently, some European dairy sheep breeds include udder traits in their breeding 37 programs, mainly with the aim of improving machine milking ability (Casu et al., 38 system developed by Casu etal.(2006) with the ewe standing and in pelvic 87 recumbency. In addition, the length and width of the teat were measured. 88
Milk samples for somatic cell counting were diluted with phosphate buffered saline 89 to a volume of 20ml at the University of Warwick to facilitate automated somatic 90 cell counting. These were kept chilled and transported within 1 week of collection to 91 an external laboratory (QMMS Ltd, Somerset, UK) for analysis using an automated 92 combined spectrometer and flow cytometer (Delta CombiScope FTIR (Delta 93 Instruments B.V., Drachten, Netherlands)). The results from somatic cell counting 94
were corrected according to the dilutions used. 95
Data storage and analysis 96
A database was constructed in Microsoft Access 2007 into which observation date, 97 ewe ID, BCS, SCC, udder conformation scores and measurements and abnormalities 98 of the udder, teat and milk were stored. From the width of the teat measurement the 99 total teat cross sectional area was calculated assuming each teat was circular in cross 100 section, with the teat width the diameter (d) of the circle and so the cross sectional 101 area of each teat was (0.5(dπ 2 )). This was summed to give the total cross sectional 102 area of the teats. A second linked sheet was used to store lamb ID, litter size, lamb 103 weight and whether lambs were thin, had diarrhoea or had scabs around their muzzle. 104
Descriptive analysis was performed in Stata 10 (StatCorp LP, Texas). The somatic 105 cell count data were log10 transformed and the normality of both outcome variables 106 was assessed. Strata were merged where adjacent categories had less than six 107 observations. Explanatory variables observed repeatedly were plotted over time 108 categorised by ewe age and litter size. Log somatic cell count was categorised into 109 quintiles to investigate the linearity between SCC and lamb weight. 110
Two three -level multivariable linear regression models were constructed in MLwiN 111 2.11 (Rasbash et al., 2005) ; the first with lamb weight (kg) as the continuous 112 outcome variable with ewe, lamb and observation as random effects levels 3, 2 and 1; 113 the second with log 10 SCC (cells/ml) as the continuous outcome variable with ewe, 114 udder half and observation as random effects levels 3, 2 and 1. Each model took the 115 general structure: 116
where yijk is the continuous outcome variable and βx is a series of vectors of fixed 118 effects that vary at k, jk, and ijk with variance estimates at, v k u jk e ijk . The 119 independent variables were tested in the model using a manual forward stepwise 120 selection process. Significance was set at 0.05. Where similar and highly correlated 121 explanatory variables were tested and significant in the multivariable model, the 122 variable that most reduced the log likelihood per degree of freedom was retained. 123
124

RESULTS
From the 78 ewes enrolled, 73 lambed over a period of 49 days. Sixty -seven ewes 125 that had at least one lamb that survived for a minimum of three observations and for 126 which SCC results were available for at least three occasions from at least one udder 127 half were included in the analysis. Four ewes were lost to follow up due to death, 128 including one ewe with acute clinical mastitis after lambing. A further two ewes 129
were omitted from the analysis due to insufficient somatic cell counts or lamb 130 weights. One ewe developed acute clinical mastitis 45 days after lambing; data from 131 this ewe and her lambs were included in the analysis until day 45. Of the 67 ewes 132 that were included in the analysis, 36 reared one lamb, 31 reared twins and one 133 reared triplets; two ewes had one foster lamb each. There were 101 lambs that werefollowed, twins and triplets were grouped as multiples. Fifty-nine lambs were male  135   and 42 female, 16 lambs had scabby skin lesions on their muzzles, 25 had diarrhoea  136 and 29 were visibly thin on at least one occasion. Forty -one ewes had at least one 137 teat lesion. Younger ewes had a higher BCS than older ewes and ewes rearing one 138 lamb had a higher BCS than ewes rearing multiples. Summary statistics are presented 139
in Tables 1 and 2 . 140
There were 592 observations of 101 lambs between birth and 10 weeks of age. At the 141 first observation of lambs the mean age was 1.6 days and mean weight was 5.3 kg. 142
There were 568 SCC measurements from 67 ewes: log 10 SCC ranged from 4.45 to 143 7.65 with a mean log 10 SCC 5.45 and arithmetic mean SCC of 281, 000 cells/ml. The 144 mean log 10 SCC was significantly higher (p<0.05) in the first week after lambing 145 compared with subsequent weeks with a general pattern of decreasing SCC in the 146 first four weeks of lactation followed by a trend of gradual increase five to ten weeks 147 after lambing. 148
A list of all variables assessed in univariable analysis of the continuous outcomes of 149 lamb weight (kg) and log 10 SCC respectively that were not in the final multivariable 150 models are presented in Tables 3 and 5 . Log 10 SCC in left and right udder halves was 151 highly correlated (r= 0.87). Ewe age was positively correlated with breed (r = 0.82), 152 and negatively correlated with BCS (r = -0.62), BCS and breed were negatively 153 correlated (r= -0.64). 154
The peak incidence of traumatic teat lesions occurred 3 -4 weeks after lambing 155 (Cooper et al., personal communication) , the incidence then decreased gradually until 156 9 -10 weeks after lambing. The incidence of non-traumatic lesions gradually 157 increased until week 9 -10 after lambing. 158
Multivariable analyses of lamb weight (Table 4) 159
Lower lamb weight at an examination was associated (P < 0.05) with ewe mean 160 SCC > 400,000 cells/ml (-0.73 kg), new teat lesion 14 days previously (-0.91 kg), 161 suboptimal teat position (-1.38 kg), reared in a multiple litter (-1.45 kg), presence of 162 diarrhoea at the examination (-1.19 kg) and reared by a 9 year old ewe compared 163 with a 6 year old ewe (-2.36 kg). Higher lamb weight was associated (P < 0.05) with 164 increasing lamb age (0.21 kg/day), increasing birth weight (1.65 kg/kg) and 165 increasing number of days the ewe was given supplementary feed before lambing 166 (0.06 kg/day). The model fit was good (data not shown). 167
Multivariable analysis of log somatic cell count (Table 6 ) 168
Higher half SCC was associated with more pendulous udders (9.6% increase in 169 SCC/cm drop) and greater total cross -sectional area of the teats (7.2% increase of 170 SCC/cm 2 ). Lower somatic cell counts were associated with heavier mean litter 171 weight (6.7% decrease in SCC/kg). Linear, quadratic and cubic terms for days in 172 lactation were also significant. The model fit was good (data not shown). 173
174
DISCUSSION 175
This is the first longitudinal study to investigate udder and teat conformation and 176 their impacts on lamb weight and somatic cell count in suckler ewes. 177
A combination of linear scores and measurement in centimetres was used to evaluate 178 udder and teat conformation. Similar approaches have been employed to assess udder 179 conformation in dairy ewes (de la Fuente et al., 1996; Casu et al., 2006 and 2010) . 180 Casu et al. (2006) reported that the system developed to score dairy ewe udder 181 conformation had fairly high levels of repeatability across lactations and, assuming 182 that this is so for suckler ewes, then the associations found in the current study 183 should be affecting lamb weight and SCC rather than a result of these variables. 184
Suckler ewes are with their lambs 24 hours per day and it is not possible to measure 185 milk yield directly. We have assumed that after lamb weight was adjusted for known 186 confounders, such as litter size and birth weight, lamb weight is dependent on ewe 187 milk production, particularly in these young lambs with no rumen and no other 188 source of food. Other authors have also used lamb weight as a measure of milk 189 production and linked this to clinical and subclinical mastitis (Larsgard and 190 Vaabenoe, 1993; Moroni et al., 2007; Arsenault et al., 2008) . Teat lesions of either type were not significantly associated with a change in half 206 SCC (Table 6 ). This was also reported by Watkins et al. (1991) and might indicate 207 that teat lesions do not increase the risk of bacterial invasion of the udder. In contrast, 208 pendulous udders were associated with an increase in SCC. Casu et al. (2010) 209 reported that dairy ewes with pendulous udders had higher SCC. It may be that 210 pendulous udders are more exposed to environmental contamination, thus increasing 211 challenge with environmental pathogens and an associated increase in SCC. In 212 addition in the current study, total cross -sectional area of the teats was positively 213 associated with SCC. This may be because a bigger teat cistern may facilitate a 214 greater volume of residual milk in the teat in which pathogens may multiply or 215 because such teats have less patent teat sphincters which would increase the risk of 216 bacterial entry into the teat canal. 217
A study over seven years from one University in the United States (Paape et al., 2007) 218 reported that composite SCC from dairy cows and dairy goats, but not dairy ewes, 219 increased with parity. They also reported, as in the current study, that composite SCC 220 decreased in the second month of lactation, probably due to the dilution effect of 221 increased milk yield, and then rose again. In contrast to Paape et al. (2007 ) Lafi et al. 222 (2006 reported that multiparous ewes had a significantly higher SCC than 223 primiparous ewes in a study of 46 dairy Awassi flocks. Watkins etal.(1991) reported 224 that the prevalence of subclinical mastitis increased with age in suckler ewes in a 225 longitudinal study of subclinical mastitis in 358 ewes from 7 flocks in England. It is 226 probable that older ewes have been exposed to more pathogens over the course of 227 numerous lactations which might explain the higher SCC in older ewes in the current 228 study. 229 BCS and age of ewe were significantly correlated (r = 0.62), thus the association 230 between ewe BCS and lamb weight independent of ewes age was difficult to assess 231 in the current study. There was a significant effect of age of ewe on lamb weight, 232 with lambs reared by 9 year old ewes weighing on average 2.36 kg less than lambs 233 reared by 6 year old ewes. Al-Sabbagh et al. (1995) reported a lower total weaning 234 weight of lambs reared by 7 year old ewes compared with 4 year olds, despite a 235 higher total birth weight of lambs in ewes of 7 years. Since subclinical udder 236 infection has been associated with decreased milk production (Saratsis et al., 1999; 237 Gonzalo et al., 2002) , it may be that milk production or perhaps milk quality is more 238 likely to be suboptimal in old ewes. Lamb weight was marginally (10% significance) 239 lower in primiparous ewes than 6 year olds in the current study. It could be argued 240 that middle aged ewes may be under less metabolic strain because younger ewes are 241 still growing themselves. 242
Whilst the study was small the detail is useful and can inform future investigations 243 and programmes considering selection of ewes. Lamb production may be improved 244 This study is the first to report the impact of poor udder and teat conformation on the 255 growth of lambs and sub clinical infection in suckler ewes. There were associations 256 between high somatic cell count and poor udder and teat conformation, indicating 257 that ewes with poor udder conformation were more likely to have high SCC. Lamb 258 growth rate was slower when ewes had high SCC, indicating lower milk production 259 from such ewes, possibly because of damage to the mammary parenchyma from 260 bacterial infection. Lamb growth rate was also lower when udder and teat 261 conformation was poor, possibly indicating that these lambs could not feed 262 efficiently from ewes with poor conformation or that udder conformation affected 263 milk production. We conclude that there are hidden production losses from 264 subclinical intramammary infection and poor udder shape in this flock of ewes. 265
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